Abstract: Sediment is a principal reservoir which accumulates and releases the pollutants. It is an important way of nutrients releasing from pore water of sediments to overlying water across the sediment-water interface. Five sampling sites were selected in the Hengshui Lake. Overlying water and sediments were collected in each of them. The phosphorus fractions and their relationships were analyzed. The results showed that the change of the total phosphorus (TP) in sediment was similar to that of the total dissolved phosphorus (TDP) and soluble orthophosphate (PO 4 3-) in pore water. The concentrations of PO 4 3-in pore water were higher than those in overlying water, reflecting a possible diffuse trend for PO 4 3--P in the five zones of Hengshui Lake. It is indicated that phosphorus and other nutrients will be transferred from sediment to pore water and then to overlying water, which can lead to lake eutrophication.
Introduction
Phosphorus (P) is generally considered to be a major bio-growth limiting nutrient in aquatic ecosystems [1] . Studies have shown that eutrophication can continue increasing even after external anthropogenic sources have stopped [2, 3] . This has led researchers to examine other causes of eutrophication, including the significance of internal loading of P released from the sediments [4, 5] . Researchers have documented that the release of P is a function of the quantity and distribution of phosphorus fractions within the sediment, the degree of saturation of exchangeable phosphorus, and hydrological conditions [6] [7] [8] .
The long-term contribution of sediment bound phosphorus in promoting eutrophication of freshwater can be effectively evaluated on the basis of different P fractions instead of total phosphorus content, since the total concentration of phosphorus in sediment cannot predict potential ecological risks [9] . The different fractions of P can be helpful to understand the P cycling process in aquatic ecosystems.
In this paper, the distribution and change of total Meanwhile, the content of phosphorus fractions in the sediments of Hengshui Lake was analyzed. To our best known, no study was reported on sediment and their relationships to water there. This paper is helpful to understand the overall situation of phosphorus of Hengshui Lake, proviing theoretical basis for environmental comprehensive treatment. Also discussion on correlations among the various fractions of phosphorus was useful to understand the geochemical cycle of phosphorus in shallow lakes and reveal the mechanism of eutrophication.
Material and Methods

Description Sampling Points
The Hengshui Lake is the largest freshwater lake and the only one in north China. The lake covers an area of 75 km 2 with an average depth of 3 m to 4 m and water storage capacity of nearly 2.0×10 8 m 3 . It is a typical shallow eutrophic lake with poor water exchange. Sampling points mainly lie in the pollution emission zone of Hengshui Lake Nature Reserve, the water near the shore and the center of the lake. They are 
Sample Collection and Pre-treatment
The overlying water was collected using glass water sampler. The surface sediment was collected in polyethylene plastic bags using clam-like bottom sampler. All of these were sealed and brought back to the laboratory for analysis.
The sediment was centrifuged for 30 min in polyethylene tubes at the speed of 4,000 r/min. The supernatant was filtered by 0.45 μm membrane to collect the pore water.
Determination Methods
TP in the water was determined by spectrophotometric method. TDP and PO 4 3-need to be filtered by 0.45 μm membrane and then determined by spectrophotometric method. Several extraction techniques have been developed to explicate the chemical nature of sediment phosphates [10, 11] . Also, sequential extraction of phosphorus is a very useful tool for characterizing various phosphorus fractions [12] [13] [14] . In this study, the six-step extraction method proposed by Ruttenberg was adopted [6] . The concentrations of total phosphorus in Hengshui Lake were in the range of 346.02 mg/kg to 809.56 mg/kg. TP was on the middle level compared to other larger lakes in China. Determination results of P fractions in sediment were shown in Table 1 .
Results and Discussion
Phosphorus Fractions in Overlying Water
The rank order of six phosphorus fraction was Oc-P > Ca-P > Ex-P > Fe-P > OP > Al-P. Inorganic August October phosphorus (IP) was the major fraction of TP and Oc-P was dominant of IP. The amount of Ex-P in surface sediments of Hengshui Lake is low. Ex-P is most easily released into overlying water thus affecting the amount of phosphate in the water. The concentration of Al-P was in the range of 0.92 mg/kg to 6.59 mg/kg with the mean value of 3.47 mg/kg, which accounted for 0.23%-1.90% of the total phosphorus. The amount and distribution of Al-P in sediment was affected by many factors, including the grain size of sediment, mineral compositions, pH, the formation time and causes of sediment. The sediments collected from the surface and forming for a short time as well as the viscosity of the sample being low account for the lower amount of Al-P.
The concentration of Fe-P was in the range of 5.17 mg/kg to 25.29 mg/kg with the mean value of 15.00 mg/kg, which accounted for 0.90%-6.37% of the total phosphorus. It is usually considered to be a redox-sensitive P fraction due to the reductive dissolution of Fe(OH) 3 (S) [15] . Meanwhile, in shallow lakes with higher pH, dissolved phosphate would be released into water from the Fe(OOH)-P pool through ion exchange of OH-with PO 4 3-. In addition, the amount of Fe-P in surface sediments is one of the indicators of the environmental pollution. The amount of Fe-P in point 2 was much larger than that of other points, indicating more pollution in this area. Oc-P accounts for a large proportion of phosphorus and is considered to be difficult to be used byorganisms. Essentially, Fe-P is reduced and Al-P is encapsulated by Fe 2 O 3 colloid. Experiments show that Oc-P is difficult to be absorbed by plants unless the condition is strongly reduced. Ca-P had a detrital origin and was not available to algae. Studies showed that Ca-P is difficult to be decomposed and converted into phosphate, so basically it contributes little to the enrichment of P in water. The analysis of phosphorus fractions in sediment had showed that Ca-P is the second existing fraction of inorganic phosphorus after Oc-P.
Or-P accounts for a small proportion. Point 2 has the largest amount. The amount of Or-P in sediments is influenced by a variety of factors, such as input, depositing features and biological processes. Or-P mainly takes the fractions of phosphorus bound to humus, organic phosphate, phospholipids, nucleic acids, phosphoprotein and sugar phosphate , most of which are more labile biomolecules and have poor stability. Under certain conditions, they can be hydrolyzed and decomposed into small organic phosphorus or phosphate radical, both of which are soluble, therefore being able to migrate and diffuse through pore water.
The Correlation between Phosphorus Fractions in Sediment-Pore Water-Overlying Water
Lake sediments can act either as sinks or as sources of P in the form of readily diluted phosphates [16, 17] . The amount of nutrients in pore water directly reflects the environment and affects the survival, development and composition of organisms to some extent. Fig. 3 showed that the changing trends of the concentration of TDP and PO 4 3-in pore water were similar. Their concentrations increase as the concentration of sediment TP increases and decrease as it decreases. It is inferred that sediment phosphorus will be transferred to pore water under certain conditions. Based on the concentration distribution trends in Fig.  2 , point 2 has a significantly larger amount of TP in sediment and higher concentration of TDP and PO 4 3-in pore water than other points. Point 2 was located in the center of the small part of Hengshui Lake. It was close to the village. Studies have shown that the phosphorus released by sediment is mainly soluble orthophosphate which is the most easily absorbed form. Fig. 3 shows that PO 4 3-concentration in pore water was higher than that in overlying water, but their spatial distribution was different. The cause of the result is quite complicated. Nutrient exchange between sediment and overlying water was influenced by many factors, such as the concentration diffusion, adsorption, desorption, precipitation, dissolution, benthos activities as well as the hydrodynamic conditions and so on. Correlation analysis showed that PO 4 3-content between pore water and overlying water had no can affect the quality of overlying water by means of the morphology changes and interface properties and the release. In addition, if external loading of nutrients is reduced and releases from lake sediments continue, it can cause long-term eutrophication in the absence of external loading.
P is an important biogenetic element of the aquatic ecosystem. Excess input can lead to eutrophication. A large part of the nutrients come from the exchange between sediments and overlying water. This exchange is directly affected by the amount of nutrients in pore water.
Sediment plays an important role in distribution and fate of pollutants, and is known to act as a principal reservoir which accumulates and/or releases the pollutants [18, 19] . Under certain conditions, a large number of P and other nutrients will be transferred from sediment to pore water and then to overlying water via the concentration gradient.
Conclusion
The results revealed that content of PO 4 3-and TDP in pore water exhibited an apparent relationship, and was basically the same as the changing trend of TP in sediment. Also the concentration of PO 4 3-in pore water is greater than that in overlying water. To reduce the concentration of phosphorus in overlying water, it's important to control PO 4 3-in pore water.
